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Three pectic oligosaccharides (POS) obtained by enzymatic hydrolysis of sugar beet pectin by combin¬ 
ing endopolygalacturonase and pectinmethylesterase, were characterized using high performance liquid 
chromatography, thermogravimetric analysis, Fourier transform infrared spectroscopy, differential scan¬ 
ning calorimetry and X-ray diffraction. According to chromatographic analyses, POS are composed of 
mixture of polymers with different molecular weights and different galacturonic acid contents. The ther¬ 
mal analysis showed no major variation in thermal behavior regarding POS composition but showed 
that POS were more sensitive to thermal degradation than the parent pectin as well as the deesterified 
pectin. No change in composition of the gaseous products was obtained through TGA-FTIR analysis. The 
X-ray pattern of POS clearly indicated a considerable decrease in crystallinity when compared to the 
native pectin. Thus, thermal characterization of POS may have practical repercussions if the formulation 
in which POS is incorporated is submitted to a high temperature treatment. 

© 2012 Elsevier B.V. All rights reserved. 


1. Introduction 

Pectins are natural carbohydrates defined as a mixture of het¬ 
eropolysaccharides mainly found in higher plant middle lamellae 
and primary cell walls [1]. They may be constituted by differ¬ 
ent associated structural elements, such as homogalacturonan 
(HG), xylogalacturonan (XGA), rhamnogalacturonan type I (RGI), 
rhamnogalacturonan type II (RGII), arabinan and arabinogalactan 
[2]. The dominant feature of pectin is a linear chain of (1-4) linked 
a-D-galacturonic acid residues that are often methyl-esterified at 
0-6 and sometimes acetyl-esterified at 0-2 or 0-3 [3]. Pectins are 
characterized by their high water absorption and gelation proper¬ 
ties which allow their use in the food industry, medicine, pharmacy 
and cosmetics [4-6]. Pectins are also classified as dietary fiber and 
are reported to exert a beneficial effect on the gastrointestinal tract 
of the host [7]. Thus the oligosaccharides derived from pectins may 
have similar or additional functionalities. 
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In recent years, oligosaccharides have found applications in var¬ 
ious fields, notably because of their specific biological activities. The 
potential of plant cell wall polysaccharides as sources of novel high 
value-added bio-products has received special attention. Oligosac¬ 
charides derived from pectin have been found to exhibit various 
biological activities, such as immuno-modulation [8], anti-ulcer 
and anti-cancer [9]. Moreover, the prebiotic potential of pectic 
oligosaccharides (POS) has been reported, since they selectively 
increase the populations of beneficial bacteria in human gastroin¬ 
testinal tract such as bifidobacteria and Eubacterium rectale [ 10,11 ]. 
Moreover, the composition and the structure of POS depend on 
the plant source and the production process. POS can be obtained 
by chemical, physical or enzymatic processes, leading to products 
with a defined range of degree of polymerization (DP) and spe¬ 
cific properties [12]. As the use of POS is in constant increase in 
food, medicine, pharmacy and cosmetics industry, these oligosac¬ 
charides need to be characterized. 

It is well known that molecular structure modifications have a 
considerable impact on the thermal behavior of pectins as men¬ 
tioned by Einhorn-Stoll et al. [13]. To date, there is little or no 
information available on the physical characterization of POS, 
whereas some studies have been done on oligosaccharides such 
as inulinand galactomannan and guar gum [14-16]. The molecular 
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structure of these products was notably related to thermal charac¬ 
terizations through thermogravimetric and calorimetric analyses. 

In the present study, the thermal characterization of three differ¬ 
ent POS preparations produced by enzymatic depolymerization of 
sugar beet pectin was compared with that of sugar beet pectin and 
deesterified sugar beet pectin. Thermogravimetric analysis coupled 
to Fourrier transform infrared spectrometry (TGA-FTIR), differen¬ 
tial scanning calorimetry (DSC) and X-ray diffraction analysis (XRD) 
were used to investigate the influence of pectin’s mean DP on the 
thermal profile; in particular to evaluate the effects of POS compo¬ 
sition on the thermal properties. 

2. Materials and methods 

2.2. Materials 

All chemicals used were the purest available. Rhamnose (Rha) 
monohydrate, galactose (Gal), glucose (Glu), Arabinose (Ara), 
xylose (Xyl), mannose (Man), D-galacturonic acid monohydrate 
(GalA), digalacturonic acid (DiGalA) and trigalacturonic acid (Tri- 
GalA) were from Sigma-Aldrich Chemical Co. (St. Louis, Mo, USA). 
Two commercial food grade pectinases Endopolygalacturonase-M2 
(EPG-M2) from Megazyme International Ireland Ltd and Rapidase 
Smart® (pectinmethylesterase) from DSM were used to digest 
sugar beet pectin (SPB). 

2.2. Pectin extraction 

Dried SBP was provided by Warcoing Sugar Industry (Warcoing, 
Belgium). A solid-liquid ratio of 1:29 (w/v) was suspended in an 
aqueous solution adjusted to pH 1.5 with concentrated HC1, heated 
to 80 °C and stirred at 250 rpm for 1 h. The macerate was rapidly 
cooled to room temperature in an ice bath and then filtered through 
two stacked-up layers of nylon cloth (100 and 20 p,m). The initial 
pH of clarified crude extract was measured before adjusting to pH 
3.5 with 0.2 M KOH. The extract was dispersed into four volumes 
of 96% ethanol for 1 h at room temperature. Pectin gel was washed 
twice with 70% ethanol, hand-squeezed in nylon cloth to elimi¬ 
nate ethanol remnant, dried at room temperature and finely ground 
in an IKA-A10 mill (IKA GmbH Labortechnik, Staufen, Germany). 
Homogenous pectin powders were stored at room temperature in 
a desiccator before used. 

2.3. Demethoxylation 

Pectin samples were also chemically treated for demethoxyla¬ 
tion. Powders were dissolved in water at ambient temperature and 
pH was brought to 11.0 with 1 M sodium hydroxide under stirring. 
The solution was maintained at constant pH using an automatic 
pH-stat (718 STAT titrino, Metrohm) with 1 M of a sodium hydrox¬ 
ide as the titrant. After 7 h, the pH was acidified to pH 3-4 by 1 M 
chlorhydric acid and the pectin was precipitated by three volumes 
of 96% ethanol. The precipitate was separated and air-dried. 

2.4. Characterization of sugar beet pectin and alkali modified 
sugar beet pectin 

All analyses were performed in duplicate. Moisture content 
of the pectin was determined as the weight loss after oven 
drying at 105 °C for 24 h. GalA content was determined by a 
high-performance anion-exchange chromatography with pulsed 
amperometric detection (HPAEC-PAD). The chromatographic sys¬ 
tem was a Dionex ICS-3000 model (Sunnyvale, CA, USA) equipped 
with an ED-3000 electrochemical detector, and a SP gradient pump. 
The column was a Dionex CarboPac PA-100 (250 mm x 4 mm i.d.) 
coupled to a CarboPac guard column (40 mm x 4 mm i.d.). The 


mobile phase consisted of lOOmM sodium hydroxide (eluent A), 
600mM sodium acetate in lOOmM sodium hydroxide (eluent 
B) and 500 mM sodium hydroxide (eluent C). The flow-rate was 

1 ml/min and the injection volume was 25 pi. 

Neutral sugars were analyzed by gas chromatography after 
hydrolysis with 1 M H 2 S0 4 at 100 °C for 3 h and conversion to alditol 
acetates [17]. Alditol acetate derivatives were separated and quan¬ 
tified by the chromatograph (HP 6890 GC with a flame ionization 
detector). The column was a HP1 -methylsiloxane (30 m x 0.32 mm, 
0.25 pm film thickness, Scientific Glass Engineering, Melbourne, 
Australia). 2-deoxy-D-glucose (purity >99.5%, Sigma Chemical Co., 
St Louis MO) was used as internal standard. 

Methoxy and acetyl groups were released from pectin by saponi¬ 
fication with 0.2 M NaOH in 50% isopropanol for 2h at 4°C and 
quantified by high performance liquid chromatography (HPLC) on 
an Aminex HPX-87 column (300 mm x 7.8 mm, Biorad, Hercules, 
CA) [18]. Elution was carried out with 5mM H 2 S0 4 solution at a 
flow rate of 0.6 mL/min. Succinic acid was used as internal standard. 
Degree of methylation (DM) and degree of acetylation (DA) were 
expressed as the percent molar ratio of methanol (MeOH) or acetic 
acid (HAc) to the GalA content (quantified by HPAEC-PAD). 

Phenolic compounds were analyzed by HPLC after saponifica¬ 
tion and extraction. Pectin samples (500 mg) were saponified in 
30 ml of 2M NaOH under nitrogen in the dark for 2h at 30 °C, 
after which 1 ml of cinnamic acid solution (5 g/1 in 0.2 M NaOH) 
was added as an internal standard and they were neutralized to pH 

2 with 3 M HC1. Phenolic compounds were extracted into diethyl 
ether (~30 ml) after centrifugation (5000 rpm for 5 min) and recov¬ 
ery of the organic phase. This was done twice. Organic phase was 
combined and evaporated in a rotavap at 40 °C. Residue was dis¬ 
solved into 10 ml of methanol 50%. 25 [xl of this material was 
injected into a 2690 HPLC system (Waters Inc., Milford, MA, USA) 
equipped with a Cl 8 reversed phase column (250 mm x 25 mm, 
Vydac, Hesperia, CA, USA) and coupled on line with a waters 996 
photodiode array detector (DAD). Elution was carried out with 75% 
solvent A (Milli-Q water + 0.05% trifluoroacetic acid (TFA)) and 25% 
solvent B (acetonitrile + 0.05% TFA) at constant temperature of 35 °C 
and at a flow rate of 1 ml/min. Phenolic compounds were detected 
at 320 nm. Ferulic acid (purity > 99%, Sigma-Aldrich Chemie GmbH., 
Steinheim, Germany) was used as an external standard. 

2.5. Preparation of pectin derived oligosaccharides 

Three depolymerised pectin samples were prepared enzymati¬ 
cally by treating the SBP with EPG-M2 and Rapidase Smart®. Pectin 
was diluted to a final concentration of 0.5% (w/v) and the pH was 
adjusted to 5.0 in order to be in the optimal working range of 
the enzymes. The solution was placed in a water bath set at 50 °C 
and allowed to equilibrate. A volume of 20 |xl of each enzyme was 
added simultaneously, corresponding to 9.55 U/ml of EPG-M2 and 
0.52 U/ml of Rapidase Smart. This mixture was hydrolyzed at deter¬ 
mined time points (2, 5 and 15 min). At the end of hydrolysis, the 
samples were heated at 100 °C for 15 min to inactivate the enzymes. 
After cooling, samples were filtered through a 0.45 p>m membrane 
filter and aliquots were taken for HPLC analyses. The remaining 
liquid fraction was concentrated using a rotavap and freeze dried. 
Samples were preserved at room temperature in a desiccator before 
any analysis. 

2.6. High-performance size exclusion chromatography of pectin 
and POS 

The molecular weight distribution of the samples was analyzed 
by HPSEC on a Waters 2690-HPLC system (Waters Inc., Milford, 
MA) equipped with TSKgel GPWXL column (300 mm x 7.8 mm, 
TosoHaas Co. Ltd., Tokyo, Japan) and coupled on-line with three 
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detectors: a Waters 2410 differential Refractometer that meas¬ 
ures the refractive index (RI), a right angle laser light scattering 
(RALLS) and a differential viscometer detector (Model T-50A, Vis- 
cotek, Houston, TX). Elution was performed with 50 mM sodium 
nitrate solution containing 0.05% sodium azide at a flow rate of 
0.7 ml/min at 10 °C and monitored with a refractive index detector. 
The system was calibrated using dextran standards from Fluka and 
galacturonic acid. 

2.7. Depolymerization profile ofPOS 

The three samples of depolymerized pectin obtained after 
enzymatic treatment were characterized by HPAEC-PAD. The chro¬ 
matographic system was a Dionex ICS-3000 model (Sunnyvale, 
CA, USA) equipped with an ED-3000 electrochemical detector, 
and a SP gradient pump. The column was a Dionex CarboPac PA- 
100 (250 mm x 4 mm i.d.) coupled to a CarboPac guard column 
(40 mm x 4 mm i.d.). The mobile phase consisted of 100 mM sodium 
hydroxide (eluent A), 600 mM sodium acetate in lOOmM sodium 
hydroxide (eluent B) and 500 mM sodium hydroxide (eluent C). The 
flow-rate was 1 ml/min and the injection volume was 25 pi GalA, 
DiGalA, TriGalA and oligomers above DP3 obtained by autohydrol¬ 
ysis of polygalacturonic acid according to the method of Bonnin 
et al. [ 19] were used as external standards. Data were collected and 
analyzed with Dionex Chromeleon 6.80 SP3 Build 2345 software. 

2.8. Thermal analysis 

The couple thermogravimetric/infrared spectrometry analysis 
was performed using TGA/SDTA 851 e (Mettler Toledo) thermo- 
gravimetric analyzer that was interfaced to the Nicolet Nexus 870 
FTIR (ThermoElectron Corporation) spectrometer with an analy¬ 
sis cell for the volatile products. The experiments were performed 
under a nitrogen flow of 50 ml/min. Sample weights of approxi¬ 
mately 6 mg were heated from 25 to 600°C at a heating rate of 
5°C/min. 

The powders were also analyzed by using a differential scan¬ 
ning calorimeter (DSC) (Mettler Toledo DSC 821e) with 40 pi Al 
crucibles. The top of the crucibles was pierced twice to let the 
volatiles escape. Samples were stabilized during 5 min at 25 °C and 
then heated from 25 to 400 °C at a heating rate of 5 °C/min. Analyses 
were performed in duplicate. 

2.9. X-ray diffraction 

Samples were analyzed by XRD. Measurements were carried 
out using a D8 Advance diffractometer (40 kV, 30 mA) (Bruker, 
Germany) (A. Cu = 1.54178A) equipped with a Lynxeye detector 
(Bruker, Germany). Analyses were performed isothermally at room 
temperature from 6 to 33° 20 (step size 0.02° 20 , time per step: 5 s). 
All the X-ray experiments were done in triplicate. 

3. Results and discussion 

3.1. Chemical characterization of pectin samples 

The chemical composition of SBP and deesterified SBP is shown 
in Table 1. Galactose was found to be the most abundant neutral 
sugar, followed by arabinose and rhamnose. Other neutral sug¬ 
ars, such as xylose, mannose and glucose were present, but in low 
amounts. Galacturonic acid amounts (59.5%) were close to data 
already published [20]. 

Previous studies reported that DM and DA of pectins from 
SBP were generally around 50-60 and 30% respectively [21,22]. In 
this work, DM and DA of pectin were generally within this range 
even if a low DM value was obtained. Ferulic acid (FA) content of 


Table 1 

Physico-chemical composition (%w/w) of the pectin samples. SBP: sugar beet pectin; 
Al SBP: alkali modified sugar beet pectin; DM: degree of methylation; DA: degree of 
acetylation; FA: ferulic acid; Mw: molecular weight. 


Compositions 

SBP 

Al SBP 

Rha 

4.01 ±0.03 

2.1 ±0.06 

Ara 

4.5 ±0.06 

3.7 ±0.31 

Xyl 

0.21 ±0.00 

0.21 ±0.05 

Man 

0.08 ± 0.02 

0.07 ±0.04 

Gal 

10.13 ±0.07 

6.02 ±0.65 

Glu 

0.53 ±0.02 

0.2 ±0.00 

Total neutral sugars 

19.5 

12.3 

GalA 

59.5 ±0.50 

54.2 ±0.70 

DM 

44 ±2.60 

1.42 ±0.37 

DA 

35.8 ±1.70 

8.8 ±0.03 

FA 

0.43 ±0.01 

0.4 ±0.00 

Mw (kDa) 

263.0 

222.4 


pectins (0.43%) was consistent with those reported by Rombouts 
and Thibault. [21]. 

Alkaline treatment of pectin showed a decrease in the methyl 
and acetyl content and the length of the main chain of galacturonic 
acid which occurs by |3-elimination, but a low removal of arabi- 
nosyl, rhamnosyl and galactosyl residues was observed (Table 1 ). 

3.2. Molecular size distribution 

Molecular distribution of SBP and POS was analyzed by HPSEC. 
This technique allowed thus to follow the hydrolysis of pectin. 
The molecular weight (Mw) distributions before and after enzy¬ 
matic treatment are shown in Fig. 1 . The Mw of SBP decreased with 
time, while at the same time, the Mw distribution broadened. A 
broad distribution was indicative of the molecular heterogeneity 
of the product obtained by the action of the enzymes. As shown 
in Fig. 1, the elution profiles of the polymers can be subdivided 
into three fractions after 2 min and an additional fraction for fur¬ 
ther hydrolysis times (5 and 15 min). On the other hand, enzymatic 
degradation of SBP with the combination of the EPG-M2 and Rapi- 
dase Smart® resulted in low release of galacturonic acid. Molecular 
fraction distribution presented in Table 2, shows that Mws are 
affected by the hydrolysis time. Mw of each fraction decreased with 
hydrolysis time. Production of POS with low DP was possible, as 
observed notably for the fraction F3 and F4 of SBP at 2 min and SBP 
at 5-15 min respectively. 



Fig. 1. HPSEC elution profiles ofPOS obtained during enzymatic hydrolysis of SBP. 
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Table 2 

Evolution of molecular weight at peak in kDa (Mw p ), average degree of polymerization (at peak) (DP p ) and proportions (%w/w) (P) of each molecular fraction during hydrolysis. 



SBP 2 min 



SBP 5 min 



SBP15 min 



Mw p 

DP p 

P 

Mw p 

DP p 

P 

Mw p 

DP p 

P 

FI 

422 

2398 

6.1 

408 

2318 

4.6 

404 

2293 

3.4 

F2 

14 

80 

76.3 

98.1 

558 

8.6 

84.3 

479 

14.9 

F3 

1.8 

10 

2.3 

8.1 

46 

71.1 

6 

34 

65.8 

F4 




1.9 

11 

3.1 

1.6 

9 

3.2 



Fig. 2. HPAEC-PAD profiles of oligogalacturonides released by the action of commercial EPG-M2 and Rapidase Smart® from sugar beet pectin for different incubation times: 
(1) 2 min; (2) 5 min; (3) 15 min. 


Table 3 

Degrees of polymerizations DPI to DP9 area in the fractions during hydrolysis of SBP. 


Time (min) 

DPI 

DP2 

DP3 

DP4 

DP5 

DP6 

DP7 

DP8 

DP9 

SBP 2 

50.25 

25.93 

18.00 

15.37 

11.39 

6.65 

8.91 

8.78 

12.20 

5 

75.10 

24.29 

17.24 

15.93 

11.42 

6.61 

8.53 

8.11 

11.55 

15 

87.62 

27.96 

19.24 

17.43 

10.74 

7.71 

8.22 

7.69 

10.82 


3.3. Anion-exchange chromatographic profiles ofPOS 

To investigate POS formation, hydrolysates were analyzed by 
HPAEC-PAD. Elution was performed at alkali pH in order to selec¬ 
tively separate galacturonic acid and oligomers. The oligomers 
above DP3 were identified by comparison of their retention times 
with a preparation of oligoGalA (DP 4-9) obtained by polygalac- 
turonic acid autohydrolysis. Elution probles of POS are presented 
in Fig. 2. After only 2 min of digestion, commercial pectinases pro¬ 
duced a mixture of oligoGalA from SBP, showing the feasibility of 
the enzymatically catalyzed production of POS. The pattern of oli¬ 
goGalA produced at the beginning of the degradation of SBP with 
the enzymes indicated that these enzymes act by a mechanism of 
random cleavage of SBP. Indeed, as it can be seen in Table 3, during 
extended hydrolysis, a change in the peak area of oligoGalA was 
observed; higher DPs were hydrolyzed into smaller DPs. Due to 
the unavailability of commercial standards higher than DP3, only 
DPI to DP3 were quantified here. The concentrations were calcu¬ 
lated from the HPAEC chromatograms and reported as a percentage 
of the total pectin mass. Quantification of compounds up to DP3 


released during the hydrolysis is summarized in Table 4. The com¬ 
position changed slightly between 2 and 15 min. The ratio DP3/DP1 
decreased, evidencing a partial hydrolysis of DP3 into DPI. 

3.4. Thermogravimetric and infrared analysis 

TGA and FTIR analyses were performed in order to under¬ 
stand the thermal behavior of POS and how this behavior can 
be influenced by the polysaccharide structure. The TGA and the 
first derivative TGA (DTGA) curves are shown in Fig. 3a and b 
respectively. Based on this analysis, it is possible to observe and 
compare the thermal behavior of the native SBP sample with the 


Table 4 

Percentages (%, w/w) of galacturonic acid oligomers released during hydrolysis. 


Hydrolysis time (min) 

GalA 

DiGalA 

TriGalA 

2 

1.8 

2.6 

3.2 

5 

2.5 

2.8 

3.5 

15 

2.7 

3.1 

3.7 
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Fig. 3. TGA (a) and DTGA (b) curves of pectins and POS samples obtained at a heating rate of 5 °C/min under nitrogen atmosphere. 


enzymatically produced POS. The TGA curves show three regions at 
25-150,150-350 and 350-600 °C. Such a division was also reported 
in other works [23-25]. The first region (25-150 °C) is attributed 
to the water loss during the temperature rise. It allows the deter¬ 
mination of the water content of the samples by a weight loss 
calculation from the TGA signal. It was found that water content 
was between 7 and 10% in all five samples. Such water contents 
were observed in previous studies [25], when native and modified 
polysaccharides were analyzed. However, this loss of weight was 
greater for modified pectin samples than for native pectin. This sug¬ 
gests that, as demethylation favors the unmasking of the carboxylic 
functions, a higher amount of hydroxyl groups may interact with 
the water molecules. The second region, between 150 and 350 °C 
corresponds to a rapid mass loss (43-47%) due to the polysac¬ 
charide decomposition, when the galacturonic acid chains start to 
undergo extensive thermal degradation, with the evolution of var¬ 
ious gaseous products and the formation of solid char [24,25]. The 
third region (350-600 °C) shows the slow mass loss after volatiliza¬ 
tion of water and other compounds, i.e. the thermal decomposition 
of char [25]. In the DTGA curve, besides the peaks at about 100°C 
resulting from free water release, POS samples exhibit two distinct 
mass losses. The three POS showed similar profile patterns, being 
only different in the intensity. The first DTGA peak temperature 
appears at 215 °C and the second at 244 °C which shows the double¬ 
stage decomposition for these samples. For SBP and desesterified 
SBP, only one peak appears, at 238 and 244 °C respectively (Fig. 3b). 


POS thermal degradation thus started before that of SBP samples 
which may indicate that they have a lower thermostability. It was 
also observed that POS displayed larger peaks compared to pectin 
samples. This may be correlated to the heterogeneity of POS which 
are constituted of oligosaccharides with different range of ther¬ 
mal stability according to Einhorn-Stoll and Kunzek [26]. The lower 
DM may also explain a lower thermostability; indeed demeth¬ 
ylation leads to the unmasking of carboxylic functions in pectin 
which allow the formation of inter- and intra-molecular hydro¬ 
gen bonds, favoring the thermal degradation of modified pectins 
[13,26]. Moreover, TGA-FTIR was used to evaluate the degradation 
products, which provides a representation of the actual combus¬ 
tion products during TGA weight loss step. Fig. 4 shows the 3D 
FTIR spectra (absorbance-wavenumber-minutes) of the gaseous 
products during the samples pyrolysis by TGA-FTIR. Several absorp¬ 
tion regions were observed, with the strongest absorption band 
appearing at the carbon dioxide region (2419-2240 cm -1 ). The 
other detected species were water (3990-3400 cm -1 ), hydro¬ 
carbons (3100-2600 cm -1 ), carbon monoxide (2240-2040 cm -1 ), 
carboxyl and carbonyl compounds C=0 (1999-1600 cm -1 ) and 
C—O bonds (1120-920 cm -1 ) from alcohols, ethers and phenols. 
These products were also reported on pyrolysis of citrus pectin [25]. 
The pyrolysis product profiles for samples are showed in Fig. 5. Gen¬ 
erally, all samples showed the same trends, excepted for CO in the 
case of SBP. As seen in Fig. 5, at approximately 20 min (or 100°C) 
only few H 2 0 and carbonyl were emitted. These first emissions at 
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Fig. 4. 3D graph for the FTIR spectra of the evolved gases produced by the pyrolysis of pectin and POS samples. 


low temperature were due to the release of the absorbed water 
by evaporation and the emission of carbonyl results from ther¬ 
mal degradation of galacturonic rings [27]. Beyond 20 min, all the 
main gases mentioned above are emitted, C0 2 being the most abun¬ 
dant. Hajaligol et al. [28] reported that in the range of 200-300 °C 
the emission of C0 2 is due to the cleavage of carboxyl in the lat¬ 
eral chains, and after 300 °C C0 2 is generated by the cracking of 
carboxylic group in the cyclic structure of pectin. The second emis¬ 
sion of water is due to the cleavage of hydroxyl groups in the 
lateral chains [29]. Moreover, the second emission of carbonyl is 
caused by the extensive thermal degradation of galacturonic rings 
and the secondary pyrolysis of primary compounds [27]. The CO 
emission is due to the cleavage of C-0 bonds in the ether bridges 
joining the SBP sub-units [30]. The methanol emission is almost 
nonexistent in Al SBP due to the demethylation, since the methoxyl 
groups in the pectin structure are the most probable contributors 
to the formation of methanol [31]. The hydrocarbon formation is 
caused by the thermal decomposition of methanol and by the cleav¬ 
age of methyl groups in the lateral chains of pectin. However, the 
release of hydrocarbon is observed here after 70 min (350 °C) with¬ 
out any methanol emission. This indicates that these emissions 


are only due to the methyl groups in the lateral chains of pectin. 
As can be seen for these two latter gases, POS reach their maxi¬ 
mum emission at 45 min (225 °C) while maximum of SBP samples 
is reached at 50 min (250 °C). However, it must be highlighted that 
all these gas emissions come from the second stage of decompo¬ 
sition (150-350 °C) which corresponds to a drastic drop in weight 
of samples. The pyrolysis products of the different samples mainly 
vary in amounts but not in species and the possible pathways of 
thermal degradation are decarboxylation, deesterification, dehy¬ 
dration, depolymerization and dehydroxylation [26]. These results 
confirm that there are no major functional group transformations 
during enzymatic hydrolysis of SBP. 

3.5. Calorimetric profiles of samples 

DSC was used for studying thermal transitions occurring in the 
course of heating under an inert atmosphere. Typical DSC thermo¬ 
grams (Fig. 6) showed a broad endothermic peak for all samples 
clearly observed between 25 and 150°C. The transitions asso¬ 
ciated with loss of water correspond to the hydrophilic nature 
of functional groups of the samples. Also, no glass transition 
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Fig. 5. Evolution of different gaseous products during the pyrolysis of pectin and POS samples. 
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Fig. 6. DSC thermograms of pectins and POS samples obtained at a heating rate of 
5 °C/min under nitrogen atmosphere. 


temperature (T g ) was observed in the scanned range. The rea¬ 
son may be attributed to interference of T g with the moisture 
endothermic peak, or structural reorganization during the rise in 
temperature. Another hypothesis is that the complexity of the sys¬ 
tem might have masked the T g . Above 150 °C, exothermic reactions 
occur, corresponding to the degradation and the elimination of 
volatile products of the polymer [13]. POS exhibited two exother¬ 
mic peaks centered at 220 and 250 °C which are also seen in DTGA 
curve (Fig. 3b), whereas pectin samples show only one exother¬ 
mic peak (centered at 248 °C), which is more pronounced in the 
case of deesterified SBP. The wide decomposition peak of SBP sam¬ 
ples and POS obtained from DTGA were corroborated by the DSC 
curves. From thermal analyses, it is clear that enzymatic hydroly¬ 
sis of SBP led to decrease in the decomposition temperature. Thus, 
modification of the molecular structure (different substituents or 
decreasing molecular weight) led to a decrease in temperature of 
the thermal decomposition. In view of these thermal analyses, these 
results are an important starting point for the characterization of 
these POS in order to a future development of value-added natural 
food products. Pectins and oligosaccharides derived from pectins 


are classified as dietary fiber and as such, they could be added to 
food products that can be subjected to higher temperature, like 
bread, cakes and pastries for example; so it is of interest to assess 
the thermal stability of these products. 


3.6. X-ray diffraction analysis 

The analysis by X-ray diffraction allowed to study structural 
organization before and after enzymatic treatment. In general, crys¬ 
talline material shows a series of sharp peaks, while amorphous 
product produces a broad background pattern. The X-ray pow¬ 
der diffraction patterns of SBP, A1 SBP and POS are presented in 
Fig. 7. The curves have been offset for clarity. In addition to the 
two peaks (14° and 21°) generally observed with pectin in the lit¬ 
erature [32], two others peaks appeared in the diffractogram of 
SBP and deesterified SBP at scattering angles 26 values of respec¬ 
tively 26.4° and 32°. This indicates the semi-crystalline behavior 
of pectin samples and it is clear that pectin has a mixture of two 
types of molecular network structures. POS X-ray diffractograms 
indicate that the hydrolysates have lost much of their ordered 
structure and have become more amorphous than pectin samples. 
Hilden and Morris [33] describe that the most common techniques 
for producing an amorphous product are among other lyophiliza- 
tion or spray-drying. Lyophilization or freeze-drying consists in a 
rapid cooling that leads to the occurrence of an extremely viscous 
state before the solute molecules have time to rearrange and ori¬ 
ent into a crystalline structure, and the system remains amorphous 
[34]. Thus we can assume that amorphous POS obtained here are 
a consequence of lyophilization. Another possibility would be that 
the enzymatic treatment leads to a destabilization and/or destroys 
crystallites of the network structure of SBP. The amorphous POS 
obtained could be applied during the drying process (spray-drying, 
drum-drying and freeze-dring) instead of for example maltodex- 
trins which are used as spray-drying aids for flavors and seasonings, 
as carrier agents to produce food powders (sauce powder, fruit 
juice powder), as fat replacers, and as bulking agents due to their 
physical properties, such as high solubility in water, viscosity and 
stability [35]. 
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Fig. 7. XRD patterns of SBP (1), A1 SBP (2), SBP 2 min (3), SBP 5 min (4) and SBP 15 min (5). 
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4. Conclusion 

In the present study, the structural and thermal properties of 
three pectin-derived oligosaccharides prepared by partial hydroly¬ 
sis of SBP using enzymes were examined and compared with native 
SBP and deesterified SBP. The HPLC profiles of POS revealed the 
presence of four populations and no difference was seen in terms 
of the composition of oligosaccharides. Thermal analyses showed 
that the composition and Mw range of POS influence their thermal 
behavior. POS showed lower thermal stability than pectin sam¬ 
ples as revealed by DTGA and DSC analyses. The gases analysis 
by TGA-FTIR showed no major change in functional groups after 
enzymatic hydrolysis of SBP. On the other hand, X-ray analysis 
showed that there was a considerable decrease in crystallinity of 
SBP after enzymatic treatment. POS obtained from the hydrolysis 
of pectin were found to be heterogeneous in composition, with 
lower Mw and lower intrinsic viscosities, influencing their func¬ 
tional properties. Their low Mw makes them possibly more soluble 
than the native pectin. The anionic property of partially demethyl- 
ated POS offers an opportunity to create electrostatic interactions 
with other cationic saccharides such as chitosan oligosaccharide to 
form films in a number of applications, including medical appli¬ 
cations (production of patches, biodegradable pouches or bags, 
textile for the treatment of wounds,...). The lower viscosity of POS 
makes them more amenable to be incorporated into foodstuffs: 
for instance the texture of yogurt may be improved by POS added 
to the milk. Low viscosity POS can also be used as humectants. 
Oligosaccharides are less sweet than sucrose and therefore POS 
could be used to obtain different sweetness profiles with low caloric 
densities. 
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